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ABOUT ITRC

Established in 1995, the Interstate Technology & Regulatory Council (ITRC) is a state-led,
national coalition of personnel from the environmental regulatory agencies of some 40 states and
the District of Columbia; three federal agencies; tribes; and public and industry stakeholders. The
organization is devoted to reducing barriers to, and speeding interstate deployment of, better,
more cost-effective, innovative environmental techniques. ITRC operates as a committee of the
Environmental Research Institute of the States (ERIS), a Section 501(c)(3) public charity that
supports the Environmental Council of the States (ECOS) through its educational and research
activities aimed at improving the environment in the United States and providing a forum for
state environmental policy makers. More information about ITRC and its available products and
services can be found on the Internet at www.itrcweb.org.

DISCLAIMER

This document is designed to help regulators and others develop a consistent approach to their
evaluation, regulatory approval, and deployment of specific technologies at specific sites.
Although the information in this document is believed to be reliable and accurate, this document
and all material set forth herein are provided without warranties of any kind, either express or
implied, including but not limited to warranties of the accuracy or completeness of information
contained in the document. The technical implications of any information or guidance contained
in this document may vary widely based on the specific facts involved and should not be used as
a substitute for consultation with professional and competent advisors. Although this document
attempts to address what the authors believe to be all relevant points, it is not intended to be an
exhaustive treatise on the subject. Interested readers should do their own research, and a list of
references may be provided as a starting point. This document does not necessarily address all
applicable heath and safety risks and precautions with respect to particular materials, conditions,
or procedures in specific applications of any technology. Consequently, ITRC recommends also
consulting applicable standards, laws, regulations, suppliers of materials, and material safety data
sheets for information concerning safety and health risks and precautions and compliance with
then-applicable laws and regulations. The use of this document and the materials set forth herein
is at the user’s own risk. ECOS, ERIS, and ITRC shall not be liable for any direct, indirect,
incidental, special, consequential, or punitive damages arising out of the use of any information,
apparatus, method, or process discussed in this document. This document may be revised or
withdrawn at any time without prior notice.

ECOS, ERIS, and ITRC do not endorse the use of, nor do they attempt to determine the merits
of, any specific technology or technology provider through publication of this guidance
document or any other ITRC document. The type of work described in this document should be
performed by trained professionals, and federal, state, and municipal laws should be consulted.
ECOS, ERIS, and ITRC shall not be liable in the event of any conflict between this guidance
document and such laws, regulations, and/or ordinances. Mention of trade names or commercial
products does not constitute endorsement or recommendation of use by ECOS, ERIS, or ITRC.
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LS Evaluation Survey

We value your opinion! Please complete the following survey to tell us how useful the ITRC documents have been to you.
Thank you.

1. Please write the title of the ITRC document for which you are completing this evaluation. (Please complete a separate form for
each document that you are evaluating.)

2. Please identify your involvement with the site-specific application of this document:

Your Name: (Optional) Your Organization:
____Regulator ____ Project Manager (consultant/engineer) ____ Responsible Party
___ Stakeholder ___ Public Representative _ Local Official __ Other:
3. Did the use of this document aid in your review / approval of the site-specific application? Yes No

4. Did the use of this document provide you with new / important background information

on the use of the technology? Yes No
5. How many other sources of information did you use for background information? 1 2 3 4 5+
6. If you had read the ITRC document first, would you still have needed the other materials? Yes No

7. Did the use of the document provide you with a better understanding of the regulatory
requirements involved in using the technology? Yes No

8. In which part(s) of the approval process did the use of the ITRC document help?
Please circle as many as apply:

Test Plan / Treatability Study / Remedial Investigation and Feasibility Study /
Remedial Action (Work) Plan / Record of Decision / Other

9. Was the guidance from this document incorporated into your site-specific application? Yes No

If yes, please explain how:

10.Did the use of the document save time / money in the review and application of the technology Yes No
11.Will the use of this document result in time and/or monetary savings at subsequent applications? Yes No
12.0verall, did you find the guidance document useful? Very / Somewhat / Not at all
13.0Overall, did you concur with the guidance outlined in the document? Very / Somewhat / Not at all

14.Please identify which sections of the document were most useful in your application.

15.For what other areas should the ITRC develop guidance?

Please fax completed surveys to ITRC c/o WPI at: (540) 557-6085.
No cover sheet is necessary. Thank you.
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EXECUTIVE SUMMARY

For the foreseeable future, federal, state, and private-sector organizations will continue to spend
billions of dollars on the characterization and assessment of contaminated environmental media
and on the selection, construction, operation, maintenance, and monitoring of environmental
remediation systems. As the various environmental cleanup statutes and their implementing
regulations evolved, the initial assumption was that these programs could follow a basic “study,
design, build” linear paradigm. However, years of experience has led to the realization that the
significant uncertainty inherent in environmental cleanup requires more flexible, iterative
approaches that manage uncertainty. Uncertainty, as demonstrated by frequently missed target
dates, has forced the development of mechanisms that allow for both the systematic reevaluation
of initial objectives and the continuous improvement and optimization of remediation
technologies and techniques. These mechanisms and reevaluations are known collectively, or
generally, as “remediation process optimization” (RPO). The Interstate Technology &
Regulatory Council RPO Team developed this guide to respond to that realization. With
schedules for projects in the operating and maintenance or long-term remedial action phase
frequently being measured not merely in years, but in decades, RPO is not an just option, but a
necessity.

In the initial stages of a remediation action, much of the effort is on characterization and source
remediation; limited effort is spent on monitoring. As the project matures, most of the resources
are spent for monitoring and operations and maintenance (O&M). Figure ES-1 depicts effort and
cost vs. time for a typical conventional remediation action at a contaminated site. As shown by
the dashed line, at most sites we cannot be sure how long it will take to reach closure.

Monitoring

Monitoring

Effort and cost/year
Source Remediation

Treatment System O&M

c
o
=
©
N
=
[
=
)
o
©
=
(&)
(]
=
(72]

Prelim. Study

Time f
?

Figure ES-1. Effort vs. time in typical remediation actions.
(Modified from U.S. Navy 2003.)
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An RPO review is a way to evaluate the status of remediation process and get an idea of when to
expect closure. Instead of continuing with a long-term O&M, we can actually—through the
process of optimization—reduce the cost as well as time to completion, as shown in Figure ES-2.
Depending on site-specific conditions, such an RPO review could result in substantial savings.
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Figure ES-2. Effort vs. time in remediation actions with RPO.
(Modified from U.S. Navy 2003.)

This document provides interested parties—regardless of role (responsible parties, regulators,
stakeholders)—with practical information and guidance on how to systematically evaluate and
manage uncertainty associated with the remediation process by using RPO as a tool. Its primary
goal is to provide information and tools to help ensure that the remediation process is
progressing toward site cleanup objectives that are both acceptable and feasible and that selected
remediation approaches attain those objectives and remain protective of human health and the
environment. This document provides guidance on what could and should be included in an
effective RPO proposal or program, including what RPO is, the regulatory framework that RPO
must operate within, and references that provide examples of successful RPOs and resources for

further examination of RPO.

The guidance describes the general regulatory and technical framework for evaluating
remediation processes, regardless of the type or complexity of the remedy. Until recently, RPO
has been associated with the “how” of remediation, such as the technologies in place. This
document looks not just at the “how” of site cleanup, but also at the “why,” which can be
described as the conceptual site model (CSM). The CSM considers all factors involved with the
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site remediation, such as the environmental and (current and future) land-use plans, site-specific
chemical and geologic conditions, and the regulatory environment.

The regulatory environment establishes the need to review and possibly revise cleanup goals to
ensure their continuous applicability. As a result, scientific advances and regulatory changes—
such as the movement towards risk-based goals and reevaluation of technologies deployed—are
core features of a comprehensive RPO review. Therefore, consideration is given to the
reevaluation of remediation goals and ways that potentially inapplicable or unattainable goals
can be updated based on these and other new regulatory approaches.

The guidance identifies and describes the applicability, advantages, and disadvantages of various
approaches, as well as where they are most appropriate for use. It also lays out key
considerations when planning, designing, and implementing an optimization review.
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REMEDIATION PROCESS OPTIMIZATION: IDENTIFYING OPPORTUNITIES FOR
ENHANCED AND MORE EFFICIENT SITE REMEDIATION

1. INTRODUCTION

Remediation Process Optimization (RPO) is the systematic evaluation and enhancement of site
remediation processes to ensure that human health and the environment are being protected over
the long term at minimum risk and cost. With this document, the Interstate Technology &
Regulatory Council (ITRC) RPO Team intends to inform interested and affected parties about
the value of optimization in efficiently and objectively setting and attaining remediation goals.
Key elements of RPO include the following:

e appropriate use of up-to-date conceptual site model (CSM),

o flexible remedial action (RA) operations considering technology limitations and risk assessments,

e use of treatment trains for each target zone,

e developing performance objectives for each element of each treatment train,

o developing an exit strategy for each remedy component considering life-cycle factors,

e cost analysis as a decision-making tool with the requirement that protectiveness must be
maintained or improved,

e consideration of life-cycle factors in remedial design, and

o continual evaluation of all the above through RA operations.

The ITRC RPO Team was formed in the fall of 2001 to develop this optimization guidance
document and to provide RPO training. Several federal agencies and states have adopted unique
optimization approaches. This document is intended to be a primer on the various optimization
techniques. The RPO Team participated in several federal and state RPO efforts to understand
the various approaches. The team included representatives from state environmental agencies
(New Jersey, Maine, Florida, Georgia, South Carolina, Oregon, South Dakota, and California),
federal agencies (Department of Energy [DOE], Department of Defense [DoD], and the
Environmental Protection Agency [EPA]), environmental consultants, and academia.
Descriptions and downloadable copies of other RPO documents that have been produced are
available on the team page of the ITRC Web site (www.itrcweb.org).

1.1 Problem Statement

Federal, state, and private-sector organizations are spending billions of dollars to clean up the
environment. These dollars are spent on characterizing and assessing contaminated
environmental media and on selecting, constructing, operating, maintaining, and monitoring
remediation systems. As the applicable environmental statutes and regulations continue to evolve
and site-specific conditions become more apparent, coupled with new innovative technologies
and diminishing resources, the need to apply flexible, iterative cleanup approaches is critical. An
additional driver for states is their need to begin preparing for inheriting the responsibility for
approximately 30% of EPA’s Superfund sites. Table 1-1 presents EPA’s projection on the
number of systems and estimated costs that states will incur after long-term remedial action
(LTRA). Figure 1-1 shows the trend in annual operating and maintenance (O&M) costs
increasing for states in the future at current fund-led pump-and-treat sites as they are transferred
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from EPA to the states. Conducting RPOs at these sites before they are transferred to the states
provides an assurance that the systems that they are inheriting are performing optimally.

Table 1-1. Future O&M costs of fund-led pump-and-treat systems expected
to be incurred by each state after long-term remedial action

Total O&M cost expected to be
Number of incurred by state after LTRA
State .
systems PV (discount No discounting
rate of 5%)

Arkansas 1 $2.6M $5.4M
California 4 $15.5M $32.0M
Florida 4 Unknown Unknown
Idaho 1 Unknown Unknown
Ilinois 1 $0.2M $0.2M
Indiana 1 $1.0M $2.4M
Kansas 1 $0.6M $1.0M
Louisiana 2 $4.5M $7.2M
Maine 1 $0.0M $0.0M
Massachusetts 4 $56.8M $99.6M
Michigan 6 >$21.1M >$48.8M
Minnesota 3 $4.4M $8.4M
Missouri 1 Unknown Unknown
Nebraska 1 $0.5M $1.0M
New Hampshire 3 $0.5M $0.5M
New Jersey 12 $69.4M $154.7M
New Mexico 1 Unknown Unknown
New York 10 $24.4M $46.9M
North Carolina 4 >$0.2M >$0.3M
Oregon 1 Unknown Unknown
Pennsylvania 10 $24.2M $56.5M
South Carolina 2 $1.0M $1.8M
Texas 5 >$8.2M >$18.4M
Virginia 2 $1.9M $3.6M
Washington 3 >$9.3M >$21.0M
Wisconsin 4 >$5.4M >$10.3M
Total 38 >$251.7M >$522.7M

Notes:

Data reflect estimates provided by site Remedial Project Managers between February and May 2001. These
estimates may vary from actual values. Data, including the number and status of systems, may change over time.
Fund-lead pump-and-treat systems are those systems where groundwater extraction and treatment is specified in
the Record of Decision and oversight is provided by EPA or by the state with financial support from Superfund.
Annual O&M costs are estimates and include such components as labor, utilities, materials, analytical costs, etc.
“Total O&M cost expected to be incurred by state after LTRA” refers to those costs incurred by the state after
the long-term remedial action (LTRA). LTRA is the first 10 years of operation and function of a Superfund
restoration action for surface or groundwater. Operation and maintenance costs of the remedy are 90% funded by
Superfund and 10% funded by the state during this time period. Thereafter, 100% of the costs are assumed by the
states.

For some systems where the expected system duration is unknown, a value of 30 years may have been used as a
default and may underestimate the expected duration of systems, especially those located at sites with continuing
sources of groundwater contamination such as LNAPL and DNAPL.
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« Data reflect estimates provided by site Remedial Project Managers between February and May 2001. These estimates may vary from actual values.

Data, including the number and status of systems, may change over time.

* Fund-lead pump-and-treat systems are those systems where groundwater extraction and treatment is specified in the Record of Decision and
oversight is provided by EPA or by the state with financial support from Superfund.

* Annual O&M costs are estimates and include such components as labor, utilities, materials, analytical costs, etc.

« This chart shows only the trends between 2001 and 2015. Existing systems and new systems are expected to operate beyond 2015.

Figure 1-1. Trend of estimated annual O&M costs of fund-lead pump-and-treat systems.
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1.2 Purpose

The purpose of this document is to provide interested parties with practical information and
guidance on how to systematically evaluate and refine remediation processes without sacrificing
protectiveness. Its primary goal is to provide information and tools to help ensure two ends:
(a) that the remediation process is progressing toward site cleanup objectives that are both
acceptable and feasible and (b) that selected remediation approaches attain those objectives and
remain protective of human health and the environment.

The guidance describes the general regulatory and technical framework for evaluating
remediation processes regardless of the type or complexity of the remedy. RPO has been
associated with the optimization of remedies and how—with a focus on technology—the
remediation will be completed. Throughout the RPO process, it is equally important to review
and possibly revise cleanup goals. A review of cleanup goals can ensure their continuous
applicability in light of scientific advances and regulatory changes. For example, the movement
towards risk-based goals and the acceptance of monitored natural attenuation, where appropriate,
as a legitimate remedy could be possible RPO outcomes. Therefore, consideration is given to the
reevaluation of remediation goals or the exit strategy and ways that potentially inapplicable or
unattainable goals can be updated.

Please note that while this document uses primarily groundwater pump-and-treatment systems
and monitoring as primary examples and case studies, RPO is applicable to many, if not all, site
remediation activities. The primary work done in RPO to date has been in groundwater pump-
and-treatment systems.
Monitoring at these sites can
have very high costs and presents
numerous RPO opportunities. In .
practice however, in-depth RPO SIS IAICE L S
review teams, such as the Air
Force uses, actually examine all
aspects of site activity. Landfills
and waste, utility, and energy
management are examples of
RPO opportunities. RPO 1is a
dynamic and flexible process that
has many applications. In
addition, RPO can be applied at
any stage of the site cleanup
process. As highlighted by Figure
1-2, the ability to influence a
project’s costs is highest in the Low
: o START COMPLETE
planning stages. Early application TIME
of RPO or feedback of RPO
lessons learned into the remedy
selection and design phases of Figure 1-2. Future RPO study. (From Construction
work may be effective. Industry Institute 1986.)

HIGH

DESIGN |

PROCUREMENT ]

[ CONSTRUCTION |

ABILITY TO INFLUENCE COST

Ability To Influence Final Cost Over Project Life
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1.3 Contents

This guidance document consists of six sections, a list of references, a glossary, and five
appendixes:

o Section 1 defines RPO, identifies the goals of this document, and provides a guide to its
sections.

e Section 2 provides the regulatory framework for site remediation and identifies where in the
regulatory process it is best to implement an RPO.

e Section 3 describes what is included in an RPO, including site selection, data collection and
analysis, implementation strategy, estimating costs, evaluation of the exit strategy, and
implementation tracking.

e Section 4 discusses the challenges and solutions associated with conducting an RPO.

e Section 5 addresses how stakeholder input should be factored into an RPO.

e Section 6 provides references used to write this document.

o The appendices include a list of acronyms, case studies, a toolbox of important RPO
resources, federal program descriptions, and some ITRC information, including RPO Team
contacts.

1.4 Relationship to Other ITRC Teams and Products

ITRC has been taking proactive measures to develop linkages among its various technical teams
and work products. Identifying these linkages provides users of ITRC products with
opportunities to explore other areas of technology and regulatory development that may aide
them in their remediation activities. To that end, the following are a few of the linkages that have
been identified between RPO and other ITRC technical teams and products:

e Brownfields Team—Many hazardous sites are only a step away from becoming candidates
for the various state and federal brownfields programs. The ITRC RPO and Brownfields
Teams have worked together to determine where RPO and brownfields have common points
of interest. The issue of uncertainty in site remediation is key to both teams; without an
acceptable level of certainty, redevelopment of sites will not occur and the exit strategy for
the party conducting remediation will not function.

e The Technology Teams—Alternative Landfill Technology, Dense Nonaqueous-Phase
Liquids (DNAPLSs), Diffusion Sampler Protocol (DSP), In Situ Chemical Oxidation, Metals
in Soils, Permeable Reactive Barrier, Thermal Desorption, Plasma Technology, and
Phytotechnology all have application to the “how” of site remediation. Each of these
technologies could be applied to one or more site cleanups undergoing an RPO evaluation.
An example of the RPO involvement would be DSP; frequently, post-closure monitoring
plans are not reexamined, and outdated sampling methodologies are employed. DSP or
passive diffusion bag samplers frequently offer an alternative to more expensive, and often
less accurate, purge-and-collect sampling methods.

e The Process Teams—Sampling, Characterization, and Monitoring (and the related Triad
approach, see Appendix C), Radionuclides, and Brownfields (see example above) also offer
guidelines or overviews of interest to RPO practitioners and regulators.
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e New Teams—Some recently started ITRC teams have direct conceptual linkages to RPO.
Future products, guidance documents, and training from these new teams will be worth
reviewing for RPO-related content: Bioremediation of DNAPLSs, Ecological Enhancements,
and Enhanced Attenuation. The Perchlorate Team will be of special interest to DoD
representatives.

2. REGULATORY OVERVIEW OF REMEDIATION PROCESS OPTIMIZATION

As previously discussed, RPO can be viewed from an engineering or process perspective.
Regardless of how RPO is viewed, the regulator or practitioner must take into consideration the
regulatory environment. An understanding of the regulatory environment for any candidate RPO
site is critical, as regulatory requirements can strongly influence which elements of a remedy can
be targeted most successfully for optimization. This section discusses RPO as it relates to major
regulatory programs: Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA); Resource Conservation and Recovery Act (RCRA); and state-equivalent (EPA-
delegated or other) programs.

Although there are multiple regulatory drivers affecting sites, there are commonalities in each
that mandate performance monitoring and optimization of remedies and monitoring programs.
CERCLA, RCRA, state hazardous waste and underground storage tank (UST), and other
regulations all contain language that addresses periodic effectiveness reviews and optimization
of remedial systems. Each regulatory environment has different requirements regarding how the
implementation of optimization recommendations can be incorporated into the process.
Currently, there are no regulations impeding this process; there are, in fact, regulations and
federal policy supporting this process. All RPO review teams should consider the specific
regulatory framework governing cleanup at the site when developing RPO recommendations.

2.1 CERCLA

2.1.1 The CERCLA Process

CERCLA requires that the responsible parties define and implement those response actions that
are necessary and practicable to ensure reliable long-term protection of human health and the
environment in a reasonable time frame. In addition to fund-led cleanup programs at nonfederal
Superfund sites, the DoD Environmental Restoration Program (DERP) directs that all
environmental cleanup and restoration programs at DoD installations be conducted in accord
with CERCLA, as amended. The CERCLA process involves site and risk characterization during
the preliminary assessment (PA), site inspection (SI), and remedial investigation (RI); analysis of
applicable or relevant and appropriate requirements (ARARs), remedy screening, and detailed
analysis of remedial alternatives during the feasibility study (FS); and documentation of the
remedial action objectives (RAOs) and response actions required to achieve the RAOs in the
record of decision (ROD), or determination that no further action (NFA) is warranted in an NFA
decision document.
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To effectively and efficiently address the environmental problem that requires a response, as
defined during the site characterization effort(s), the responsible parties at sites with cleanup
programs administered in accord with CERCLA must first define the response action objectives
that must be met to ensure reliable protection and terminate response actions. The RAOs guide
identification and evaluation of remedial actions, which represent the feasible and reasonable
means to achieving the response objectives, and the performance metrics that will be used to
document progress toward achieving the RAOs and demonstration of response complete (RC).
Thus, the RAOs established in the ROD define the responsible party’s response commitments
and form the basis of all RA decisions and performance expectations. In the 1986 Superfund
Amendments and Reauthorization Act (SARA), CERCLA was modified to require that response
decisions consider the applicability and relevance or appropriateness of other legally enforceable
state and federal environmental requirements. Substantive compliance with ARARs was
intended to integrate different environmental regulations to improve the overall effectiveness and
efficiency (i.e., protectiveness) of decisions during both the remedy construction (RA-C) and the
remedy operations (RA-O) phases, and following RC. EPA and state regulatory agencies assist
in identifying potential ARARs, and the lead decision authority at the site conducts an ARAR
analysis to identify those requirements for which compliance is necessary, feasible, and
reasonable.

In cases where promulgated requirements identified as ARARs for a given site do not meet the
statutory tests of performance (i.e., necessity, feasibility, and reasonableness [CERCLA
Part 121(d)(4)]), CERCLA provides flexibility by allowing for waiver of those regulatory
requirements. Six types of ARAR waiver are identified, based on (1) an equivalent standard of
protection to that afforded by the ARAR; (2) implementing an interim action to address a
potential imminent danger; (3) avoidance of greater risk to human health or the environment that
could result from compliance with an ARAR; (4) technical impracticability of meeting the
requirement; (5) fund-balancing to avoid unreasonable cost through use of an alternative
standard of control to that specified in an ARAR; and (6) inconsistent application of state laws
among sites with similar environmental problems (responsible parties may not be held to
different standards of compliance for similar problems). To petition for an ARAR waiver, the
responsible party must meet specific requirements and provide supporting documentation to
justify the waiver request. Note that a formal waiver is not required for to-be-considered criteria
(i.e., a potential requirement that does not qualify as an ARAR but was considered during the
response planning process).

Once RAOs have been determined, remedial alternatives, which are the means to achieve the
RAOs, are comparatively evaluated during the FS using the nine screening criteria established in
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP), including
protectiveness, effectiveness, implementability, and cost. Final RAOs, the selected remedial
alternative, and performance metrics to be used to assess progress toward RC are documented in
the ROD, which is a legally binding document that defines the response action commitments of
the responsible party, and defines the performance expectations for the selected response.

The remedial design (RD) phase follows the ROD and develops the specific design of the
remedial components. RA includes the RA-C and the RA-O. Optimization should be an inherent
element of the remedy evaluation, selection, and design process, as the FS, ROD, and RD are
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intended to document the technical and regulatory basis for the response decision, which defines
those RAOs and response actions that are necessary and practicable to ensure protectiveness in a
reasonable time frame, and how performance will be measured. Because the ROD is essentially
the strategic plan for achieving the RAOs (and RC), it also should incorporate decision logic and
the basis for contingency planning as part of the overall completion strategy for the site.

CERCLA requires periodic effectiveness reviews to assess remedial progress and, if necessary
(i.e., if remedy performance is below expectations), to apply lessons learned and evolving
knowledge to refine the RAOs, the means, or both. CERCLA provides two methods for refining
response decision: an explanation of significant difference (ESD) or a ROD amendment. An
ESD is typically used to document relatively minor adjustments in the response design or
implementation (e.g., a change in the number or placement of extraction wells, a change in the
type of aboveground treatment required) and does not require public review. A ROD amendment
is required when a significant change to the response decision is warranted (e.g., when a remedy
has failed and a revised completion strategy is needed to ensure timely protectiveness). ROD
amendments, like other decision documents (i.e., proposed plans and RODs) are subject to
formal public comment periods.

2.1.2 RPO within the CERCLA Context

The RPO process is typically implemented during subsequent RA phases. Implementation of the
selected remedy occurs during the RA-C phase of CERCLA, and, after prove-out, RA-C is
followed by the RA-O and long-term management (LTM) phases. The RA-O phase of the
remediation process involves operation, maintenance, and monitoring of remediation systems.
For sites with contaminants remaining in place, an LTM phase is required to ensure that the
remedy remains protective. This phase involves long-term monitoring and five-year reviews until
such time as the property is considered suitable for unrestricted use. ROD changes may be
required to implement some RPO recommendations. These changes are most often made for
three reasons: changes in understanding of site conditions, changes to improve performance of
the remedy (includes changes in remedial technology), and changes to reduce cost without
effecting protectiveness.

Approximately 30% of Superfund sites are EPA-managed, fund-led sites. Under CERCLA,
response decisions through the RA phase are implemented at fund-led sites using Superfund
money. RA for fund-led sites is defined in the CERCLA statute to include operation of remedial
systems for up to 10 years. Continued operation of the remedy to maintain effectiveness after
that time is considered to be O&M; O&M costs at fund-led sites are to be borne by the states.
RPO can be an effective method to control states’ costs associated with long-term RA-O at these
facilities.

The EPA employs a process of remedy optimization that is similar in goals and methodology to
the RPO process described in this document. The process—called “remediation system
evaluation” (RSE)—is designed to improve the effectiveness and efficiency of engineered
remedies, thereby reducing RA-O costs. Periodic evaluation of remedial system performance
relative to the performance metrics established in the ROD (as required under CERCLA), in
conjunction with remedy optimization, can provide tangible benefits to those charged with
remedy O&M. The RSE process is described in Appendix D. It should be noted that RSE focuses
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on engineered systems and does not explicitly assess optimizing the RAOs in the context of
evolving site knowledge and technological lessons learned (see Section 3).

The findings of the EPA-sponsored RSE pilot study are instructive and have potential value for
the states. The RSE pilot program revealed that the majority of pump-and-treat systems
evaluated either were not obtaining plume capture or did not have sufficient data to evaluate
capture. In addition, these evaluations were able to recommend reductions in monitoring costs
for almost half of the remedial systems evaluated during the pilot study while meeting
performance monitoring requirements. Furthermore, a number of the systems evaluated were
either overdesigned for the current influent constituents or concentrations or were less than
optimally designed. Specific recommendations were provided regarding the return on capital
investment as a result of altering these systems; if implemented, the alterations could reduce
O&M and monitoring costs over the life of the remedy. Other potential cost-saving measures
evaluated included reducing oversight and personnel costs and changing groundwater discharge
methods.

The annual cost reductions projected for the 20 remedial systems evaluated came to $4.8 million.
This is a good example of an RSE process that goes beyond cost reduction; the pilot study
recommended more aggressive source removal or alternative technologies at 13 of the 20 sites
evaluated. Based on these findings, states clearly have a stake in ensuring that the remedial
systems that they will soon inherit are necessary and feasible to complete within a reasonable
time frame, as well as efficient and cost-effective.

A recent product of DOE’s optimization effort (DOE 2002) is a guidance document issued to
DOE project managers for optimizing groundwater response actions. The guidance does not
address a specific DOE-wide RPO evaluation and optimization program, but it provides an
overview of general considerations for designing and implementing groundwater remediation
strategies. These considerations include groundwater restoration evaluations, source control
measures, containment assessment, and monitoring. Several of these considerations are discussed
in terms of technology selection rather than optimizing existing remediation systems.

DoD normally conducts RPO evaluations during the RA-O and LTM phases. The RA-O phase of
the remediation process, which involves operation, maintenance, and monitoring (OM&M) of
remediation systems, continues until the cleanup goals are achieved (unlike EPA’s fiscal
responsibilities at fund-led sites, there is no 10-year limit to RA-O at DoD sites on the NPL). For
sites with contaminants remaining in place, an LTM phase is required to ensure that the remedy
stays protective; this phase involves LTM and five-year reviews. Each DoD component has a
specific program to perform optimization of sites in both RA-O and LTM phases at least every
five years. The specific RPO program for each of these organizations—Air Force, Army, Navy,
and Defense Logistics Agency (DLA)—is described in Appendix D.

2.2 RCRA

The value of the RPO process accrues both to the regulated community and to environmental
regulators. State agencies have an obligation to ensure that their resources are used in the most
productive way; in the same way, in this time of shrinking resources for site cleanup, it is
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increasingly clear that this obligation must be extended to helping the regulated community more
effectively use their available cleanup dollars.

While some states may actively participate in or even initiate the RPO process, not all states have
this ability. States may be barred from selectively providing services or other gratuities to entities
such as the regulated community. This constraint does not mean, however, that the RPO process
cannot go forward.

Many states use the CERCLA-based process proposed under Subpart S for approving plans for
RCRA corrective action. The use of corrective measures studies (CMSs)—analogous to an FS
under CERCLA—was envisioned as a way to optimize cleanup plans on the front end. These
proposed provisions of Subpart S were later withdrawn by EPA but not before the process was
built into the RCRA data management system and adopted, in practice, by many states. In some
states, the CMS is not ordinarily used as a RCRA decision-making tool, based on the assumption
that regulatory input on decision making at this stage would slow down initial decisions on
cleanup efforts. RCRA-regulated facilities are free to screen technologies independently and
propose any plan that, in their judgment, provides the correct balance of protectiveness and cost-
effectiveness. While still subject to technical review, the corrective action plan is the only
document that the permitted facility is required to submit.

The RCRA permitting framework contains provisions for periodic assessment of the
effectiveness of corrective action. This routine effectiveness report provides an opportunity to
view progress and fine-tune the remedy. However, this assessment is not the same as the RPO
process, which is far more extensive. Although not all facilities make use of the opportunity,
semiannual effectiveness reviews can be a tool for dialogue between the regulators and the
regulated facility on the continued progress of the remedy or, conversely, of the need for
adjustments. While there may be a perception that all proposed changes to the corrective action
system will increase the cost of the remedy, this is not necessarily the case.

The primary focus of the process is to identify redundant or unnecessary monitoring
requirements. Many RCRA facilities have a large number of monitoring and recovery wells that
they are required to maintain under their permits. However, since changes in groundwater quality
occur slowly, particularly under pump-and-treat remediation, the data from a large number of
wells may not be required for decision-making purposes during the life of a groundwater
remedy. Similarly, results from pump-and-treat systems may not be uniform throughout the
plume, and certain recovery wells may become less useful over the life of the remedy. Careful
review of semiannual effectiveness reports can reveal wells that can be decommissioned or
sampled/pumped less frequently. Cost savings can often be realized by narrowing the slate of
analyses being conducted. Permits that have been in force for many years sometimes contain
institutionalized sampling and analysis requirements that can be eliminated on the basis of years
of data collection and analysis. Other requirements, while still required, could be evaluated for
possible reduction. Judicial use of expensive analytical methods—such as those cited in
Appendix IX of RCRA, in particular—can result in substantial cost savings for facilities.

RCRA-regulated facilities often identify ways that cleanup costs can be reduced without
sacrificing protectiveness. These are typically proposed to the regulatory agency in the form of a
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request for permit modification. While similar in intent to the RPO evaluations discussed
elsewhere, these facility-led proposed modifications still proceed through the customary RCRA-
style submittal/review/revision/approval process. While this process may not be accomplished as
quickly as an RPO evaluation, in recent years, many states have been moving towards
proactively building flexibility into permits to allow facilities—with state concurrence—to alter
their sampling programs to “mothball” nonessential wells or to answer specific questions that
arise as the remedy proceeds. Similarly, corrective action systems can be described in the permit
in terms of results rather than by operational or design criteria. In this way, permitted facilities
are free to obtain expert advice regarding the optimal operation of their corrective action systems
and to work in partnership with state regulators to more effectively remediate their sites. When
flexibility is incorporated into permits at the beginning of the corrective action process, the time-
consuming and costly permit modification process is not needed. Resources on both sides are
conserved, and cleanup can be optimized on a continuing basis. More specific approaches to
corrective action can be reserved for permitted facilities that do not have the resources to retain
high-quality environmental advice or for unmotivated or recalcitrant facilities that would not
otherwise work diligently towards site cleanup.

2.3 State Regulatory Programs

Many states are delegated under either CERCLA or RCRA to conduct site cleanup operations or
oversee the cleanup operations of others. States, in fact, have initiated cleanup programs under
their own regulatory framework for both publicly funded site remediation and responsible party
oversight. As a result, the states have many of the same regulatory interests in RPO as those
mentioned in the sections on CERCLA and RCRA. This section discusses the areas of particular
interest to states regarding the regulatory framework. Additional discussion of state regulatory
involvement in the RPO process can also be found in Section 3.

There are no known direct references to RPO or RPO-like programs in state regulations.
However, state rules—such as New Jersey’s “Technical Requirements for Site Remediation,”
NJ. A.C. 7:26 E, a.k.a. the “Tech Rules”—recognize that “continuous effectiveness monitoring”
and “periodic site condition reviews” may occur. This language may be broadly interpreted as an
opportunity for an RPO review. See the definition of “remedial action costs” below:

“Remedial action costs” means all costs associated with the development and
implementation of a remedial action including all direct and indirect capital costs,
engineering costs, and annual operation, maintenance and monitoring costs. Such costs,
when applicable, shall include, without limitation, costs for construction of all facilities
and process equipment, labor, materials, construction equipment and services, natural
resource damages, land purchase, land preparation/development, relocation expenses,
systems start up and testing, facility operation, maintenance and repair, continuous
effectiveness monitoring, periodic site condition reviews [emphasis added] and legal,
administrative and capital costs associated with the placement of institutional controls on
a property. Remedial action costs shall be expressed as net present worth of all such costs
over time by discounting all future costs to the current calendar year. The discount rate to
be used for all present worth analyses shall be the current rate as specified by the EPA at
the time of remedial action selection and shall be applied before taxes and after inflation.
The period of performance for present worth costing analyses shall not exceed 30 years.

11
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In addition to New Jersey’s Tech Rules and their equivalents in other states, institutional controls
such as classification exception areas (CEAs) for groundwater contamination and deed notices or
declarations of environmental restriction (DERs) for soil contamination require periodic reviews.
CEAs and DERs also have review requirements for modifications and termination. When
broadly interpreted, these reviews could allow for RPO activity.

Lastly, state cleanup oversight or state-funded cleanup programs, based on either EPA delegation
or state regulations, often require financial assurances. Financial assurances are only as sound as
the cleanup efforts that they underwrite. States should look favorably upon a program—such as
RPO—that seeks to increase the efficiency of the cleanup process so that the project does not
exceed the financial assurances posted for the work, thus putting both the state and the
responsible party at risk for additional cleanup cost. Using a publicly funded example, under
CERCLA, states enter into a control document with the EPA called a “State Superfund Contract”
(SSC). For LTRAs, the EPA will operate the site for up to 10 years. After 10 years, the LTRA
becomes the responsibility of the state if contamination remains above standards. Therefore, it is
in the best interest of the states to insist on an RPO review as early in the LTRA process as is
practical. EPA recommends that an RPO be conducted in the second to forth year of an LTRA
(EPA 2004a). Some states, including New Jersey, feel that the end of the second year is not too
early to start the RPO process.

3. REMEDIATION PROCESS OPTIMIZATION

This section explains the elements of RPO, highlighting what should be included in an effective
RPO program or proposal, from establishing site-selection criteria to evaluating the exit strategy
and establishing an implementation tracking plan. This document does not reiterate details
available from many other sources. See Appendix C, the RPO Toolbox, for links to established
RPO programs.

There are several steps involved in performing an RPO evaluation. The scope of any RPO
evaluation is dependent on the particular goals of the funding agency and the nature of the site
and RA to be evaluated; however, several elements of RPO are common to all such evaluations.
The following steps should be conducted for RPO:

o Identify candidate sites where the return on the investment in RPO is likely to be high.

o Develop an appropriate RPO review team.

o Assess the exit strategy (RA plan) for the site, including review of RAOs, CSM, remedy
performance metrics, and contingency planning/decision logic.

o Assess the RA design and performance.

e Evaluate remedy cost-efficiency.

e Develop optimization recommendations.

e Develop an implementation and tracking strategy for the optimization recommendations.

This section reviews each of these RPO elements and provides information to help guide RPO
evaluations. Figures 3-1 and 3-2 show flow charts for an RPO evaluation.

12
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3.1 Site-Selection Criteria

Based on observations from conducting RPO or RPO-like reviews for hundreds of remedial
components at more than 50 facilities nationwide, virtually all long-term remedial-action sites
can benefit from RPO. RPO not only redirects attention to potentially overlooked O&M issues,
but also serves to reassure stakeholders that, based on the available information, the course of
action being undertaken is sound. However, because there are up-front costs associated with
performing an RPO evaluation and an interest in not overburdening site managers and regulators,
prioritizing sites for RPO is appropriate. There are two primary criteria for prioritizing sites for
RPO:

An example of a system that may not be achieving its

e concern that the current system is
not achieving remedial goals
effectively or efficiently (e.g.,
protectiveness of the remedy may
be in question, or the rate of
progress toward achieving site-
cleanup criteria may be below
expectations; see box) and

e high annual O&M  costs
associated with systems
anticipated to operate for many
years.

Other prioritization considerations

include (1) sites with persistent
contaminant sources, such as landfills
or DNAPL releases, (2) sites with
complex hydrogeology or
geochemistry that is limiting the
effectiveness of the response action,
(3) sites for which decision
documents have been in place for 10
years or longer, and (4) sites where
cleanup is expected to take more than
10 years. Some of these criteria are
subjective and case dependent in

remedial goal and where protectiveness may be in
jeopardy:

A pump-and-treat system is installed at a trichloroethylene
(TCE)-contaminated site with the primary goal of
controlling off-site plume migration to prevent the plume
from impacting a nearby water supply aquifer. A
secondary goal is TCE mass removal to achieve the
regulatory cleanup goal of 5 ppb TCE in groundwater.
Although the system has been in operation for more than
eight years, monitoring data are inconclusive regarding
effective capture of the plume by the extraction well
network. As a result, the down-gradient water supply
aquifer may be in jeopardy. Further, mass removal has
reached an asymptote, and the effectiveness of the
remedy for achieving the 5-ppb goal in a reasonable time
frame is in question.

This site should be considered a high-priority candidate
for RPO given the concern of ineffective hydraulic control
of the plume. The RPO team can evaluate the
groundwater monitoring network, historical trends in TCE
concentrations and groundwater elevations, and flow and
transport models to determine whether capture is being
achieved or if additional data collection and evaluation are
necessary. The RPO team also would evaluate the
effectiveness of mass removal and progress toward
achieving the 5-ppb cleanup goal. If appropriate, the team
can assess and recommend alternative remedial
strategies or revised cleanup goals.

nature, but they provide useful guidelines for determining which sites are most likely to benefit
from RPO. For example, the threshold for what may be considered “high annual operating cost”
is relative to the fiscal constraints affecting the funding agency/organization. However, it usually
is inappropriate to establish minimum criteria or rules of thumb for identifying RPO candidate
sites based on operating costs or other O&M items alone. Some sites with low annual operating
costs may still pose significant risk to human health and the environment, and sites anticipated to
be shut down in the near future could benefit from an RPO review of the closure process or site
completion criteria. However, sites with very low annual operating costs or sites anticipated to be
shut down within one year should be closely screened to determine whether RPO is appropriate.
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EPA is currently conducting a pilot program using the RSE process at several UST and other
smaller site remediation projects to determine whether the RSE and “RSE Light” (limited-scope
RSE) processes are of value to smaller, lower-cost projects. As there are over 23,000 UST sites
undergoing site remediation in the United States, the potential of optimization is huge. Small
savings in time and money on many small sites may have as much impact as a few saving on a
few large sites. States, including New Jersey, are providing test cases for the evaluation. The first
of the EPA reports are just being issued, and additional studies are under way. The ITRC RPO
Team will report on the findings in future editions of this report.

For an agency or organization managing multiple LTRA sites, routine collection and periodical
evaluation of cost and performance information for all response actions should be conducted to
prioritize the sites as candidates for RPO. Often, the data are collected but may not be adequately
compiled or assessed. An RPO review team undertakes to compile, present, and interpret the
available historical cost and performance data as part of its evaluation. The Air Force and DLA
encourage the review and collection of specific O&M data on an annual basis to track system
performance, identify obvious opportunities for system improvement, and assess sites for
detailed optimization reviews (RPO Phase II). Additional information on data compilation and
recommendations for specific data to be collected are provided in the RPO Phase I Data
Collection section of the Remedial Process Optimization Handbook (AFCEE and DLA 2001).

For agencies initiating an RPO program and looking for a simple method to prioritize sites, a
data compilation/prioritization checklist developed by the EPA offers a process to quickly
identify sites that may benefit from optimization. Table 3-1 provides a list of information useful
for prioritizing sites or remedial systems for RPO evaluations that borrows from and expands on
EPA’s RPO prioritization assessment checklist. A review of the data outlined in the table likely
will result in the identification of several sites as primary candidates for RPO. For a more
quantitative assessment of this information, EPA created a weighting system to assist with
selecting high-priority sites for RPO (EPA 2001c). Although this weighting system was created
for evaluating pump-and-treat systems, it could be easily modified to accommodate other types
of remedial actions.

Table 3-1. Suggested data to be collected for site prioritization

Data to be collected Explanation
Remedial action (RA) | Restoration of affected medium to maximum beneficial use,
objectives containment, mass removal, etc.

Primary contaminants | The primary COCs as identified in the decision document, and the
of concern (COCs) media targeted by the RA

and affected media
Description of all RA | Descriptions of each capture, extraction, and treatment element of all

components and engineered, intrinsic, and administrative elements of the RA (pump
related monitoring and treat, soil vapor extraction, monitored natural attenuation,
programs passive reactive barrier, institutional controls), and background,

performance, compliance, and sentry monitoring well networks
Current status of RA | Predesign, designed/not installed, under construction, installed,
operational, completed
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Data to be collected Explanation
Date RA was Date of start-up for active systems, date installation was completed
implemented for passive systems
Documented RA Numeric cleanup objectives, designed operating parameters, schedule

performance metrics | and cost to complete estimates, projected mass removal rates
Conclusions of other | The site remedial program manager should indicate whether RA
performance reviews | goals are being achieved and the source of supporting information
(e.g., five-year review)

Approximate This category should include all O&M costs for the RA and related
historical and current | monitoring systems—Ilabor, electricity, materials, discharge fees,
annual operations and | system monitoring costs, and consulting and oversight costs
maintenance cost
Long-term monitoring | Sampling, analysis, quality assurance, and reporting costs
costs
Historical and current | Groundwater/vapor extraction and discharge flow rates, COC
operating data concentrations at extraction and monitoring points, pump-cycling
data, water levels, radii of influence for extraction/injection systems,
notices of violation, etc.

3.2 Building an RPO Team

The persons conducting an RPO evaluation should be carefully chosen for their objectivity,
technical qualifications, and experience. The team members should be free of potential conflicts
of interest and should provide a “fresh view” of the project. An independent review is critical for
identifying characterization and remediation design/performance issues that may have been
overlooked by the previous or current project team. Those individuals who have had past
involvement in decision making at the site may not have an unbiased perception of the current
state of the system or the potential need for change. Qualified personnel from the sponsoring
agency who have not been directly associated with the subject project would be acceptable;
however, the use of staff from the design or O&M contractors typically is not appropriate due to
possible conflicts of interest. Outside (third-party) contractors or representatives from other
agencies or institutions could be suitable candidates for RPO review teams.

It is very important to include highly experienced technical and regulatory personnel on RPO
review teams. The team members must have broad experience in regulatory requirements and
policy interpretations; hydrogeology; geochemistry; risk and exposure assessment; remediation
design, operation, and optimization; and related activities. The team should include regulatory
specialists, engineers, hydrogeologists, chemists, and risk assessors, all of whom have a wide
background in current best practices, innovative technologies, and optimization approaches and
tools. Important support may be required from other disciplines, potentially including statistics,
modeling (groundwater flow, contaminant transport and fate, exposure/uptake), cost engineering
and estimating, risk communications, and contracting. The composition and size of each RPO
review team should be based on the nature of the site and the administrative and technical
challenges faced.
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3.3 Exit Strategy Assessment

An exit strategy for a site is simply the detailed plan for achieving the RA objectives that have
been selected as the end points of the RA. Stated another way, the RA objectives are the overall
goals that must be met for the site to either achieve response complete or be approved for
closeout or reuse. An exit strategy represents a formalized long-range process for taking the site
from its current state to closure or to its best long-term use. The strategy represents a plan to
actively manage the site and make decisions at various points that will best tailor the remediation
and monitoring efforts to achieve the RA objectives in the most efficient and effective manner.
The strategy is best developed with consideration of stakeholder and regulatory agency concerns,
resource constraints, and technical realities; it also includes well-defined means to measure
progress and a desired timeline. A well-developed exit strategy contains six elements:

o statement of and basis for the RA goals;

e summary of the CSM, including a description of the future site land use;

o decision tree, flow chart, or defined sequence of remedial activities and contingency triggers;

e clearly established process to evaluate performance measures relative to decision parameter;

e provisions for periodic reevaluation of the project goals and RA decisions (contingency
planning); and

e means to verify cleanup following cessation of active remediation.

Because it is difficult to optimize any element of a remedial decision if the overall objectives
(remediation end points) and site-specific technical constraints are not well understood, any
optimization effort should begin with an evaluation of the exit strategy, which incorporates the
RA objectives and the CSM as well as the RA components. Much of the information that
composes the exit strategy may be developed for a site in multiple documents (e.g., site
investigation, risk assessment, and feasibility study reports, decision documents, design
documents, and monitoring plans). However, there often is little documentation on how to
monitor progress toward site closeout or reuse in a reasonable time frame. Furthermore, little
discussion is offered regarding what actions should be taken and when if progress toward site
closeout or response complete does not meet expectations.

3.3.1 Evaluating the Remedial Action Objectives

The RAOs for a response action, established in the decision document for each remedy, are
essentially the completion criteria that must be achieved to attain response complete (site
closeout). Ideally, the basis for selecting the RA objectives also should be articulated clearly in
the decision document so that appropriate performance metrics can be developed and monitored
to track progress toward achieving the objectives. The decision document should specify the
COCs, cleanup goals for each affected medium, and points of compliance. As part of the RPO
process, these cleanup goals should be reviewed in the context of the refined CSM (see next
section), accumulated remedy performance data, and improving technical and scientific
information to determine whether they remain appropriate for the site. The evaluation should
verify that the objectives are measurable, realistic (achievable in a reasonable time frame), and
consistent with ultimate land use. Examples of measurable objectives include specific cleanup
concentrations at compliance points, acceptable risk levels, or hydraulic conditions (for long-
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term containment). Realistic goals are those that are achievable with the current technology in a
reasonable time frame (as defined by all parties). If the goals are not easily measured and clearly
realistic, the exit strategy may generally still be valid, but it will be more difficult to assess the
consistency between the RA objectives and the strategy, and some clarification or modification
of the strategy or goals is needed.

Under the Superfund and RCRA Corrective Action programs, the results of qualitative and
quantitative risk assessments are used to establish the need for remedial action and to develop
remedial alternatives. For UST sites, many states have adopted risk-based corrective action
(RBCA) programs. The review of exit strategies for these types of sites should consider state
RBCA guidelines for modifying cleanup goals. Because the overarching objective of any
environmental remediation project is protection of human health and the environment, cleanup
objectives should be risk-based and appropriate to the receptors potentially exposed to site
COCs. Therefore, every RPO evaluation of an exit strategy should carefully review the results of
risk analyses and should assess the reasonableness and continued applicability of the exposure
assumptions used to estimate risks.

Regulatory limits such as federal maximum contaminant levels (MCLs) and similar state
drinking-water—based levels are commonly used as default cleanup goals for groundwater at
contaminated sites. In addition, many state programs include nondegradation statutes that may be
interpreted to require restoration of waters of the state to the greatest beneficial use, to the extent
practicable. Because CERCLA, RCRA, and most state regulations mandate cleanup of sites to
the extent necessary and practicable to protect human health and the environment in a reasonable
time frame, the rationale behind selection of RA objectives (the risk assessment and an ARAR
analysis) and the projected time to achieve those objectives should be carefully examined during
any detailed RPO evaluation.

EPA considers 10 years to be a reasonable time frame for achieving protection, as reflected in
the limitations on EPA obligations at fund-led sites. While cleanup objectives for many
contaminants in unsaturated soils usually can be achieved in less than 10 years, cleanup of
groundwater and certain types of persistent sources and groundwater contamination pose much
greater challenges. For this reason, it is important to include regulatory and risk assessment
specialists on RPO review teams that are evaluating sites with these types of complex cleanup
challenges. Once operational systems and monitoring programs are optimized, responsible
parties should continue to periodically assess the remedial progress and refine the exit strategy as
appropriate. For sites where little measurable progress toward RA objectives is being made, the
RPO review team can review and improve the ARAR analysis, assess compliance with the RA
objectives established in the decision document, and develop alternative strategies for achieving
protection in a reasonable time frame. This element of RPO is being increasingly recognized as
critical as responsible parties begin to focus on exit strategies for their more complex sites. As
examples, the pending Performance-Based Environmental Restoration Management Assessment
(PERMA) guidance being developed by DLA and the 2003 DOE Using Risk-Based End States
policy guidance outline strategies for evaluating the necessity, feasibility, and reasonableness of
RA objectives and for optimizing these objectives, as well as the means to achieve them in a
reasonable time frame. As remedial systems (the means to achieve response complete) are
optimized through RPO and as states begin to inherit long-term O&M for fund-led sites, future
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optimization efforts will increasingly focus on the completion criteria themselves to reflect our
evolving state of knowledge and understanding as to what is necessary, feasible, and reasonable
to ensure protection of human health and the environment.

3.3.2 Evaluating the Conceptual Site Model

Once the RPO review team has reviewed the RA objectives, the CSM should be carefully
reviewed and updated as necessary to reflect current site conditions and evolving site and
technical information. The CSM is a comprehensive description of all available information
about site conditions that could influence remedy design, selection, or performance. Thus, the
CSM forms the basis for defining RA objectives and for developing and implementing a
remediation strategy. A CSM is composed of several elements, including the following:

e nature and extent of contaminant (including source types and affected media);
e contaminant fate and movement in the environment;

e site geology;

e site hydrogeology;

e biological and geochemical conditions;

e monitoring points;

o risk assessment;

e receptors and potential receptors (under current and reasonably expected future exposure
scenarios);

e past remedial actions and locations of remedial components and monitoring points;
o historical, current, and expected future land uses; and
e other factors relevant to the understanding of contamination at the site.

As O&M activities progress at a site and additional information related to contaminant
distribution, fate and transport, and receptors becomes available, the CSM should be updated and

incorporated into the decision-making process during optimization efforts.

3.3.3 Reviewing the Completion Strategy and Decision Logic

Another element of the RPO review team’s exit strategy review should involve verifying that the
approach to achieving closure or reuse is logical and realistic—both technically and from a
regulatory perspective—and will result in (continuing) protection of current human and
ecological receptors during and after remediation. Each site-specific strategy also should reflect
the facility-wide closure strategy to ensure consistency of assumptions, objectives, and any
administrative and engineered controls. Various remediation activities (e.g., extraction from
specific wells, use of a particular aboveground treatment process, or in situ treatment of a source
area) may be reduced or eliminated prior to site closure or attainment of long-term goals when
continuation of these activities no longer contributes meaningfully to progress toward the RA
objectives. The decisions as to when and how to implement these interim changes should be
made in a technically sound manner based on reasonable metrics (e.g., “triggers”).
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The site completion strategy can often be effectively documented using a decision tree or flow
chart that presents decision points in implementing the exit strategy in terms of “if/then/because”
options. The RPO exit strategy review should verify that specific metrics are set for evaluating
cleanup progress. Examples of these may be achieving specific concentrations in target
monitoring wells by a certain date, percentage declines in extracted air or water COC
concentrations, cumulative COC mass removed, a specified period of time during which COCs
are static or below levels of concern at performance monitoring points, or similar parameters.
Target values and time frames may be based on modeling. Failure to achieve predetermined
metrics that measure the expected progress toward response complete or site closeout should
trigger contingency actions to correct the course of the RA or to reassess the RA objectives.

The data collected by the monitoring program must provide adequate details to assess progress,
as defined by the exit strategy metrics. The exit strategy should include a specific approach to
tailoring necessary monitoring frequency, location, and analyses as site conditions change; this
would include monitoring of aboveground treatment processes. As progress toward RA
objectives is made, the scope of monitoring to make site decisions should drop. However, there
are exceptions to this trend of decreasing RA activities under certain circumstances. Such has
been the case at sites where emerging issues—based on improving knowledge about chemical
toxicity, fate, migration, or technical advances that allow refined detection of COCs—expand the
COC list or the exposure pathways of conce